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ABSTRACT 
The urban block is a fundamental element of urban form that is closely linked with the land 
subdivision and the organization of the street network in cities. The size and shape of urban blocks 
affect the subdivision into plots, the ability to support the development of different building types 
over time, the adaptability and resilience of urban form, and levels of walkability in streets. The 
rigorous study of block shape has been limited so far due to the difficulty of formulating 
descriptions that capture the complexity of shape and the prevalence of rectangular blocks in 
cities. However, non-rectangular blocks are quite common in many historic cities around the world, 
in postwar suburban developments, and in sloped terrains. The paper presents the morphological 
classification of urban blocks based on the compactness and fragmentation of boundary shape in 
a sample of Adriatic and Ionian coastal cities, considered in three historical stages in the 19th 
century, WW2, and the present. The taxonomy is formulated according to the percentage of block 
shapes falling in three distinct morphospace zones. The study discovers, on the one hand, 
universal features of the distribution of shape compactness and fragmentation in cities that are 
often associated with the smaller blocks, and on the other hand, different patterns of block shape 
evolution within the sample that are amplified by the configuration of the larger blocks. The 
proposed model offers descriptions that can support the classification of urban fabric and inform 
urban planning and design. Keywords: urban block, boundary shape, morphospace, 
compactness, fragmentation. 
INTRODUCTION  
The study of blocks, as a key element of urban form (Conzen, 1960; Kropf, 2009), is an important 
issue in urban morphology. Urban blocks are used for the assessment (Oliveira and Madeiros, 
2016) and the classification of urban form (Fleischmann et al., 2020), while the block configuration 
has been shown to affect the density of development, the building coverage, and the number of 
footprints (Vialard, 2013), the sustainability of urban form (Pakzad and Salari, 2018), and the 
energy use in cities (Rode et al., 2014). The urban block size affects walkability, retail frontage, 
and the development of various building types (Siksna, 1997; Scheer, 2017), thus the preference 
for smaller blocks. Block size is linked with the evolution of street networks (Strano et al., 2012), 
and the syntactic structure of the street network (Lim et al., 2015; Peponis et al., 2015). 
Despite the wide spread of rectangular blocks associated with the gridiron street patterns in many 
cities, urban blocks in world cities come in a variety of boundary shapes. Blocks of historic cores 
with altstadt street patterns (Marshall, 2005) exhibit a wide variety of shapes, so do the blocks of 
dendritic patterns in Islamic cities and the distributory patterns of suburban developments. †he 
urban block shape shas not been sufficiently studied to date due to the difficulty of describing 
complex shapes, whereby many studies in the past have relied on simple geometrical measures, 
such as the ratio between area and perimeter, or the consideration of shape complexity and 
compactness measures separately rather than coupled. 
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SHAPE COMPACTNESS AND FRAGMENTATION 
The paper builds on prior studies that have developed a shape description for the built environment 
(Shpuza and Peponis, 2008; Shpuza, 2011) based on a morphospace (Raup, 1966; Steadman 
and Mitchell, 2010) that couples together two measures of Relative Distance (RD) and Directional 
Fragmentation (DF). RD gauges the shape compactness by comparing the aggregate metric 
distances between all locations within the shape to the aggregate inside a square, which has an 
RD=1. DF gauges the shape fragmentation by aggregating the directional changes when traveling 
between all locations within a shape, hence a convex shape has a DF=0. The two measures differ 
in various degrees from indices of compactness and complexity used in urban studies and 
geography (Basaraner and Cetinkaya, 2017; Blair and Biss, 1967; Clark and Gaile, 1973; 
Maceachren, 1985), however, importantly, it is the taking of the two measures coupled together 
that reveals fundamental characteristics of boundary shape. It has been shown that the relationship 
between RD and DF of the building floorplate shape reflects the underlying topological 
characteristic of the building’s main circulation (Shpuza, 2011). Also, of particular interest to this 
discussion is the finding that natural shapes from the geomorphology of world islands and lakes 
occupy a distinct zone in the morphospace separate from building floorplates located along the 
lower-left to upper-right diagonal with a considerable correlation between the two measures.  
In the past, the shapes were analyzed one at a time using the Java applet Qelize (Shpuza and 
Peponis, 2008). For the purpose of analyzing urban block shapes, we developed shapeQ, a 
computer application built upon UCL Depthmap (Turner, 2001; Varoudis, 2012) that enables the 
calculation of RD and DF for an unlimited number of shapes simultaneously. In maps, shapes are 
colored according to their RD and DF values as per the legend shown in figure 1, where red stands 
for squares and other compact convex shapes; purple and blue represent elongated convex 
shapes; orange and yellow shows shapes that are both compact and broken into wings; while 
grass and green represent shapes that are both elongated and broken into wings (figure 2). 
BLOCK SHAPE IN ADRIATIC AND IONIAN COASTAL CITIES  
The sample for the study includes twenty cities located in six countries in the Adriatic and Ionian 
littoral region, Greece, Albania, Montenegro, Croatia, Slovenia, and Italy (table 1). Each city is 
analyzed according to three historical stages, the 19th century, WW2, and the period 2002-2010. 
The stages capture the changes associated with the urban growth in the region, the Napoleonic 
planning in the 19th century, and various planning models introduced after WW2. The sample is 
part of a larger database that over the years has been analyzed according to the syntax (Shpuza, 
2009) and the scaling of streets networks (Shpuza, 2014). 
First, each city in the sample is analyzed according to three historical stages, e.g. Durrës in the 
years 1838, 1943, and 2007 (table 1). The comparison between the stages shows that, over time, 
cities tend to add blocks that are more elongated and less convex, as shown by the increasing 
mean RD and DF values in the sample: from (1.18, 0.087) for the first stage to (1.206, 0.082) for 
the second stage, to (1.265, 0.123) for the third. It is beyond the scope of this paper to test 
whether this is a universal property related to scale, where larger cities add more elongated and 
broken-shape blocks, or a reflection of different street patterns applied during the urban accretion 
in the last two centuries. 
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Figure 1. Urban blocks for five Adriatic and Ionian coastal cities in three historical stages analyzed according to shape 
compactness RD and fragmentation DF. The blocks are colored according to 12 bands as per the key on the lower right. 
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Second, we scrutinize the location of data 
points, representing urban blocks, in the 
compactness and fragmentation (RD and DF) 
morphospace. In the case of Vlore-2007 
(figure 2), the scatter resembles a wide 
arrow pointing to the lower-left where most 
of the points are located near the tip at 
RD=1 and DF=0 origin, representing square 
and rectangular-shaped blocks (red color). 
The higher density of points at the tip thus 
pulls the mean RD and DF towards the lower-
left corner. Second, the cluster of points 
extends into two tails, one parallel to the RD 
axis (including elongated and convex blocks 
in purple to blue), and one curved and 
somewhat parallel to the DF axis, representing 
urban blocks with fragmented shapes, 
indentations, and holes associated with cul-de-
sac and dendritic street patterns (orange and 
yellow). Few shapes fall along the lower-left and 
the upper-right diagonal (from brown and grass 
to dark green and green).  
When this view is extended to the rest of the cities in the sample (figure 3), it becomes evident that 
the distribution of points in the scatterplots appears to follow a universal pattern that can be 
described according to three principles. First, the scatters resemble a wide arrow with two distinct 
tails; second, most points are clustered at the tip of the arrow; and third, the density of the points 
increases near the edges of the tails near RD and DF axes compared to the lower-left to upper-right 
diagonal that is often sparse or empty. 
Such distribution of urban blocks in morphospace greatly differentiates urban blocks from natural 
shapes of islands and lakes (Shpuza, 2011). Further, despite the overall similarity regarding the 
distribution of points in the scatterplots, cities exhibit various degrees of clustering of blocks in three 
areas of the scatterplots. For example, while Avola-2007 exhibits clear tails, which are rather 
symmetrical regarding length and density, Patras-2007 and Trieste-2007 show less defined tails as 
the lower-left to the upper-right diagonal includes more “natural” shapes linked with the hilly 
terrains in the two cities. In Durrës and Patras, the two tails become pronounced only during the 
second and third historical stages, whereas in the other cities the tails are evident since the 19th 
century. 
Figure 2. Morphospace of urban block shape defined 
according to the scatterplot between shape compactness 
RD and fragmentation DF exemplified by the city of Vlorë-
2007 where a few data points are illustrated with their 
block boundary shapes. In the upper right, three 
morphospace zones T-tip ( RD<=1.25 and DF<=0.1), H-
horizontal tail RD>1.25 and DF<=0.1, and V-vertical tail 
(DF>0.1). 




Figure 3. Scatterplots between block shape RD and DF for five cities of Patras, Durrës, Koper, Trieste, and Avola in three 
historical stages. The distribution of data points resembles a wide arrow, where most blocks are concentrated in the tip of 
the arrow on lower left corner (compact convex shapes), and in two bifurcated areas of the scatterplots: in the tail along 
the RD axis (elongated convex shaped blocks), and in the tail parallel to DF axis (broken shapes of blocks including cul-de-
sacs and fishbone dead-ends). 
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BLOCK SHAPE MORPHOSPACE 
In order to quantify the differences among the cities regarding the distribution of points in the 
scatterplots, we discretize the RD and DF scatterplot into three zones and record the number of 
points in the zones as a percentage to the number of entire blocks in the city (figure 4). Tip zone (T) 
is defined according to the conditions RD<=1.25 and DF<=0.1; the horizontal tail (H) as RD>1.25 
and DF<=0.1; and the vertical tail (V) as the remainder of the morphospace with DF>0.1 (figure 2).  
 
 
Figure 4. Table showing the percentages of urban blocks belonging in three zones: tip (T), horizontal tail (H), and 
vertical tail (V) in the scatterplots between block shape compactness RD and fragmentation DF for twenty coastal 
towns considered in three historical stages. For each city, the upper row shows the percentages for all the blocks, the 
lower row shows the percentages for the largest 50% of the blocks. 
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We plot the values of three percentages, T, R, and V in a ternary plot, and connect three historical 
stages with curves for the purpose of investigating the change in a city’s block profiles over time 
(figure 5). The cities occupy a relatively narrow section of the ternary plot, roughly confined 
withing boundaries T 40-80%, H 10-40%, and V 0-30%, and they congregate around the point 
T=50%, H=30%, and V=20% in the 20th century.  
 
Planned blocks in Adriatic and Ionian coastal cities are usually the smallest in area, whereas the 
larger ones are usually part of the territory caught between different developments and include the 
unbuilt areas of ravines, bays, and canals. Unlike the planned blocks, the latter share features with 
natural shapes of islands and lakes, which as mentioned above, exhibit some correlations between 
compactness and fragmentation. We then investigate whether the patterns of the distributions of 
points in the morphospace are affected by the block size by considering only the top 50% largest 
urban blocks in each city and comparing the results with the case when the entire blocks are 
included. With regards to C, cities show various scenarios with both higher and lower percentages 
for the large blocks. In contrast, there is a universal trend regarding H and V, an overall decrease 
of H percentages, and an increase of V percentages (figure 4). Hence, for the largest blocks, the 
evolution splines in ternary plots are displaced from the narrow region (T 40-80%, H 10-40%, and 
V 0-30%) (figure 5, left) to the wider region (T 30-100%, H 0-40%, and V 0-40%) (figure 5, right), 
lacking the convergence we observed when all blocks are considered. This suggests that smaller 
urban blocks exhibit more universal trends shared between all the cities, whereas larger blocks are 
responsible for more specific evolutionary traits that differentiate the cities from each other. In 
conclusion, urban block morphospace represents the city’s fingerprint in evolution and enables the 
comparison between universal and specific characteristics of urban form. The proposed analytical 
model can thus support the classification of urban form and the assessment of urban blocks for 
accommodating various plot subdivisions, footprints, and building types. 
Figure 5. Ternary plots of the percentages of urban blocks located in three morphospace zones T, H, and V (as in figure 4) 
for twenty cities in three historical stages. Splines connect three stages of each city, where the third stage is marked with a 
circle. The plot in the left shows the percentages for all blocks in the city, where most cities converge in the narrow region 
around the T=50%, H=30%, and V=20% intersection. When only the top 50% largest blocks are considered (plot in the 
right), in general, cities exhibit lower H values and higher V values, and a wide variety of evolution trends without a clear 
convergence. 
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